PCX 



WORLD IMTELLECTUAL PROPERTY ORGANIZATION 
Internationa) Bureau 




INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Intentttkmal Patent Classification ^ : 
C07D 239/H A61K 31/505 



Al 



(11) Intonational Publication Namba*: WO 96/33979 

(43) International Publication Date: 31 October 1996 (31.10.96) 



(21) Intanational Applicaticm Numbo*: PCnGB96/009S9 

(22) intHnational FQing Date: 23 Afxril 1996 (23X>4.96) 



(30) Priority Data: 

950S565i) 



27 April 1995 (27XW.95) 



GB 



(71) Applicant (/br aU designaxed Smtes except US): ZENECA 
LIMITED (GB/GB]; 15 Stanhope Gate, London WIY 6LN 
(GB). 

(72) Inventor; and 

(75) Inventor/Applicant (fi>r US only): BARKER. Andiew. John 
[GB/GB]; Zcneca Phannacettticals, Mereside, Aldoicy 
Park. Macclesfield, Qieshnc SKIO 4TG (GB). 



(81) Designated States: AU AM. AT, AU. AZ. BB. BG. BR. BY. 
CA. Oi CrN, CZ, DE, DK, EE. ES. FI. GB, GE, HU. IS. 
JP. KE. KG, KP. KR, KZ, LK, LR, LS. LT. LU. LV, MD. 
MG. MK, MN, MW. MX. NO. NZ. PL. PT. RO, RU. SD. 
SE. SG. SI, SK. TJ, TM, TR, TT. UA, UG, US. UZ. VN, 
ARIPO patent (KE, LS, MW, SD. SZ, UG). Eurasian patent 
(AM. AZ. BY, KG. KZ, MD. RU. TI, TM). European patent 
(AT. BE, CH, DE, DK. ES, H. FR, GB, GR, IE. IT, LU, 
MC NL, PT, SE), OAPI patent (BF. BJ. CF. CG. a. CM, 
GA. GN, ML, MR. NE, SN, TD. TO). 



Published 

With international search report. 



(74) S^sxOx TATT. Brian, Steele; ZENECA Pharmaceuticals. Intel- 
lectual Property Dept. Mereside, Aldcrley Park, Maccles- 
field. Cheshire SKIO 4TG (GB). 



(54) Title: QUINAZOUNE DERIVATIVE 



(57) Abstract 



The invention concerns d^vatives of die 
formula (I), wherein n is 1, 2 or 3 and each R^ 
is ind^)exidently halogeno; and R* is amino-<2- 
40alky]amino. (l-4C)alkylamnu>-(2-4C)aIkylamino. 
di-[( 1 -4C)alkyl]amtDO-<2-4C)alkylamino. pynolidin- 
I -yl-(2-4C)aIkylamino, piperidino-(2-4C)alkylaroino. 
morpholino-(2-4C)a]ky Ifflnino, piperazin- 1 -yl-(2- 

4C)alkylamino or 4-<l-4C)alkylpipera2in-l-yl-<2- 
4C)alkylamino; or pharmaceuttcaUy acceptable salts 




thexeo^ processes for their preparation, pharmaceutical 
compositions containing them, and the use of the 

receptor tyrosine kinase inhitntory properties of the compounds in the treatment of proliferative disease such as cancer. 
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OITfNAZOI.TNE DERIVATIVE 



The invention relates to quinazoline derivatives, or phannaceutically-acceptable 
salts thereof, wfaidi possess anti-proliferative activity such as anti-cancer activity and are 
accordingly useful in methods of treatment of the human or animal body. The invention also 
relates to processes for the manufacture of said quinazoline derivatives, to pharmaceutical 
compositions containing them and to their use in the manufiacture of medicaments of u% in 
the production of an anti-proliferative efiect in a warm-blooded animal such as man. 

Many of tiie cuirent treatment regimes for cell proliferation diseases sudi as 
psoriasis and cancer utilise compounds vAddx inhibit DN A synthesis. Such compounds are 
toxic to cells generally but their toxic effect on rapidly dividing cells such as tumour cells can 
be beneficial. Alternative i^roaches to anti-proliferative agents vAdch act by mechanisms 
other than the inhibition of DNA synthesis have the potential to display enhanced selectivity 
of action. 

In recent years it has been discovered that a cell may become cancerous by virtue 
of the transformation of a portion of its DNA into an oncogene i.e. a gene ^^ch, on 
activation, leads to the formation of malignant tumour cells (Bradsbaw, M"^^eg"^^ ^ 1986, L 
91). Several such oncogenes give rise to the production of peptides which are receptors for 
growth Actors. The growth factor receptor complex subsequently leads to an increase in cell 
proliferation. It is knowiu for example, that several oncogenes encode tyrosine kinase 
enzymes and that certain growth factor receptors are also tyrosine kinase enzymes ( Yarden d 
al.. Ann. Rev, Biochem., 1988, 22, 443; Larsen £lal. Ann. Reports in Med. Chem. 1989, 
Chpt 13). 

Receptor tyrosine kinases are important in the transmission of biochemical 
signals which initiate cell replicatiorL They are large enzymes ^^ch span the cell membrane 
and possess an extracellular binding domain for growth factors such as epidermal growth 
factor (EGF) and an intracellular portion which functions as a kinase to phosphorylate 
tyrosine amino acids in proteins and hence to influence cell proliferation. Various classes of 
receptor tyrosine kinases are known (Wilks, Advances in Cancer Research . 1993. 6Q, 43-73) 
based on families of growth factors which bind to different receptor tyrosine kinases. The 
classification includes Class I receptor tyrosine kinases comprising the EGF family of 
receptor tyrosine kinases such as the EGF, TGFa, NEU, erbB, Xnirk, HER and let23 
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iecq}tois» Class n iecq}tor tyrosine kinases compiisiBg die insulin fiamily of receptor tyio^ 
kinases such as the insulin, IGFI and insulin-related receptor (IRR) receptors and Class m 
receptor tyrosine kinases comprising the platel^-derived growth factoa (PDGF) &mily of 
receptor tyrosine kinases such as the PDGFo, PDGFp and colony-stimulating factor 1 (CDFl) 
receptors. It is known that Class I kinases such as the EGF fiamily of receptor tyrosine kinases 
are frequently present in common human cancers such as breast canctf (Sainsbury £LaL filxL 
J. Cancer. 1988, 2&* 458; Guerin & aL QngOgmcRgS., 1988, 1 21 and KUjn slsL. Bxosl 
Cancer Res TreaL. 1994, 22. 73), non-small cell lung cancers (NSCLCs) including 
adenocarcinomas (Cemy fiL^., Rrit. J. Cancer. 1986, M, 26S; Reubi £Ul., 
InL J. Cancer - 1990, 41 269; and Rusch fiLfll.* Canccr Rcscaicb, 1993, 52, 2379) and 
squamous cell cancer of the lung (Hendler Cancer Cells. 1989, Z 347), bladder canc^ 
(Neal etal. . Lancets 198S, 366), oesophageal cancer (Mukaida sLsL S^DSSLy 1991, 142), 
gastrointestinal cancer such as colon, rectal or stomach cancer (Bolen fiLaL Oncogene Res» 
1987, 1, 149), cancer of the prostate (Visakorpi seUI * Histochem. J.. 1992, 21, 481), 
Imkaemia (Konaka etal.. CelL 1984, IZ, 1035) and ovarian, bronchial or pancreatic cancer 
(European Patent Specification No. 0400586). As further human tumour tissues are tested for 
the EGF fiamily of receptor tyrosine kinases it is expected that their wide^iread prevalance 
will be establisted in further cancers such as thyroid and uterine cancer. It is also known that 
EGF type tyrosine kinase activity is rarely detected in normal cells whereas it is more 
frequently detectable in malignant cells (Hunter, Cell 1987, 5ft, 823). It has been shown 
more recently (W J Gullick, Brit, Med. BuU. . 1991, 42, 87) that EGF receptors which possess 
tyrosine kinase activity are overexpressed in many human cancers such as brain, lung 
squamous cell, bladder, gastric, breast, head and neck, oesophageal, gynaecological and 
thyroid tumours. 

Accordingly it has been recognised that an inhibitor of receptor tyrosine kinases 
should be of value as a selective inhibitor of the growth of mammalian cancer cells (Yaisb ^ 
aL Science, 1988, 242, 933). Support for this view is provided by the demonstration that 
erfostatin, an EGF receptor tyrosine kinase inhibitor, specifically attenuates the growth in 
athymic nude mice of a transplanted human mammary carcinc»na vAdch expresses EGF 
receptor tyrosine kinase but is without effect on the growth of another carcinoma which does 
not express EGF receptor tyrosine kinase (Toi £l aL Fur. J. Cancer Clin. QncoL. 1990, 2& 
722.) Various derivatives of styrerie are also stated to possess tyrosine kinase inhibitory 



Vi096mm 3 ICT/GB9«00959 

properties (European Patent AppUcation Nos. 021 1363, 0304493 and 0322738) and to be of 
use as anti-tumour agents. The in vivo inhibitory effect of two such styrene derivatives vMch 
are EGF receptor tyrosine kinase inhibitors has bera demonstrated against the growth of 
human squamous cell carcinoma inoculated into nude mice (Yoneda fit al., CffllCCT RttM ICh» 
1991, 51y 4430). Various known tyrosine kinase inhibitors are disclosed in a more recent 
review by T R Burke Jr. fPnigs of the Future, 1992, 12. 1 19). 

It is known ftom European Patent Applications Nos. 0520722, 0566226 and 
0635498 that cmain quinazoline derivatives which bear an anilino substituent at the 
4-position possess receptor tyrosine kinase inhibitory activity. It is further known from 
European Patrat Application No. 0602851 that certain quinazoline derivatives which bear a 
heteroarylamino substinicnt at the 4-position also possess receptor tyrosine kinase inhibitory 
activity. 

It is further known from International Patent Application WO 92/20642 that 
certain aryl and heteroaryl compounds inhibit EGF and/or PDGF receptor tyrosine kinase. 
There is the disclosure of certain quinazoline derivatives therein but no mention is made of 
4-aniIinoquinazoline derivatives. 

The in vitro anti-proliferative effect of a 4-anilinoquinazoline derivative has been 
disclosed by Fry al., Science, 1994, 2fii 1093, It was stated that the compound 
4-(3 -bromoanilino)-6,7-dimettioxyquinazoline was a highly potent inhibitor of EGF receptor 
tyrosine kinase. 

The in vivo mhibitory effect of a 4,5-dianilinophthalimide derivative which is an 
inhibitor of the EGF family of receptor tyrosine kinases has been demonstrated against the 
growth in BALB/c nude mice of a human epidennoid carcinoma A-43 1 or of a human ovarian 
carcinoma SKOV-3 (Buchdunger fit si, Proc, Nat, A«d. Sci» 1994, 2L 2334). 

It is further known Jrom European Patent Application No. 0635507 that certain 
tricyclic compounds which comprise a 5- or 6-membered ring fiised to the benzo-ring of a 
quinazoline possess receptor tyrosine kinase inhibitory activity. It is also known from 
European Patent Application No. 0635498 that certain quinazoline derivatives which carry an 
amino groiq) at the 6-position and a halogeno groiq) at the 7-position possess receptor tyrosine 
kinase inhibitory activity. 

Accordingly it has been indicated that Class I receptor tyrosine kinase inhibitors 
will prove to be useful in the treatment of a variety of human cancers. 
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It is also expected that inhibitors of EGF type receptor tyroane kinases will be 
usefiil in the treatment of other diseases of excessive cellular proliferation such as psoriasis 
(where TGFa is believed to be tiie most important growth factor) and bmign prostatic 
hypertrophy (BPH). 

There is no disclosure in these documents of quinazoline derivatives v^ch bear 
at the 4-position an anilino substituoit and vAdch also bear an aminoalkylamino substitumt at 
the 6-position* We have now foimd that such compounds possess potent in vivo 
anti-proliferative properties which are believed to arise from their Class I receptor tyrosine 
kinase inhibitory activity. 

According to the present invention there is provided a quinazoline derivative of 
the formula I 




\^4ierein n is 1 , 2 or 3 and each is independently halogeno; 

and R' is amino-(2-4C)alkylamino, (l-4C)alkylamino-(2-4C)alkylamino, 

di-[( 1 -4C)alkyl]amino-(2-4C)alky lamino, pyrrolidine 1 -y K2-4C)alkylamino, 

piperidino-(2-4C)alkylamino, morpholino-(2-4C)alkylamino, 

piperazin-l-yl-(2-4C)alkylamino or 4-(I^C)alkylpiperazin-l-yl-(2-4C)alkylamino; 

or a pharmaceutically-acceptable salt thereof. 

In this specificati<m the term "^alkyF includes both straight and branched chain 
alkyl groi^}s but references to individual alkyl groups such as ^propyl" are specific to the 
straight chain version only. For example when R* is a di-[(l-4C)alkyllamino- 
(2-4C)alkylamino group, suitable values for this generic radical include 
2-dimethylaminoethylamino, 3-dimethylaminopropylamino, 2KUmethylaminopropylamino 
and l-dimethylaminoprop-2-ylamino. An analogous convention applies to other generic 
temis. 

Within the present invention it is to be understood that, insofiar as certain of the 
compounds of the formula I may exist in optically active or racemic forms by virtue of one or 
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more subsdtuents containing an asymmelric carbon atom^ the invention »conq)asses any such 
optically active or racemic fbim wfaidi possesses anti-prolifemtive activity. The synthesis of 
optically active forms may be carried out by standard techniques of organic chemistry weU 
known in the art, for example by synthesis firom optically active starting materials or by 
resolution of a racemic fonn. 

The quinazolines of the formula I are unsubstituted at the 2-, 5* and 8^x>sitions. 

It is also to be understood that certain quinazoline derivatives of the fonnula I can 
exist in solvated as well as unsolvated forms such as, for example, hydrated forms. It is to be 
understood that the invention encompasses all such solvated forms vAdch possess 
anti-proliferative activity. 

Suitable values for the g^ieric radicals referred to above include those set out 

below. 

A suit^le value for when it is halogeno is, for example fluoro, chloro, bromo 

or iodo. 

Suitable values for each substituent vdiich may be present on the quinazoline 
ring include, for example:- 



for amino*(2-4C)alkylamino: 

for ( 1 -4C)alIcy lamino- 
(2-4C)alkylamino: 



for di-[( 1 -4C)alky l]amino* 
(2-4C)alkylamino: 



2*aminoediylamino, 3-aminopropylamino and 
4-aminobutylamino; 

2- methylaminoethylamino, 2-ethylaminoethylamino, 

3- methylaminopropylamino, 

3*ediylaminopropylamino, 4-methylaminobutylamino 
and 4-ediylaminobutylamino; 

2-dimethylaminoethylamino, 
2-(I4-ethyl-NHnethylamino)ethylamino, 

2- diethylaminoethylamino, 

3- dimethylaminopropylamino, 

3- diethylamiiiopropylamino and 

4- dimethylaminobutylamino; 
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for pynolidin-1 -yl-<2-4C)alkylammo: 2-<pyin)Udin-l -yl^ylainino, 

3- (pynolidm-l-yl)propylamino and 

4- <pyTToiidm- 1 -y l)butylamino; 

for piperi(lino-(2-4C)aIkylamino: 2-piperidinoethylamino, S-piperidinopropylamino and 

4-piperidinobutylamino; 
for morpholino-(2-4C)alkylamino: 2*morphoUnoethylanuno, 3-morpholinopropylamino 

and 4-morpholinobutylamino; 
for piperazin- 1 -y l-(2*4C)alkyiamino: 2-(piperazin- 1 -y l)ethy lamino, 

3- (piperaziD-l-yI)propylamino and 

4- (piperazin-l -yl)butylamino; 

for 4-( 1 -4C)alky Ipiperazin- 1 -yl- 

(2-4C)alky lamino: 2-(4-methy Ipiperazin- 1 -y l)ethy lamino, 

2- (4-ethylpipera2in- 1 -y l)ethylamino, 

3- (4-methylpipera2in-l-yl)propy lamino and 

4- (4*niethy Ipiperazin- 1 -yl)butylamino. 

A suitable phannaceudcally-acceptable salt of a quinazoline derivative of the 
invention is, for example, an acid-addition salt of a quinazoline derivative of the invention 
\^ch is sufiRcientiy basic, for example, a mono- or di-acid-addition salt with, for example, an 
inorganic or organic acid, for example hydrochloric, hydrobromic. sulphuric, phosphoric, 
trifluoroacetic, citric, maleic, tartaric, fumaric, methanesulphonic or 4-toluenesulpbonic acid. 

Particular novel compounds of the invention include, for example, quinazoline 
derivatives of the formula I, or pharmaceutically-acceptable salts thereof, wherein:- 

(a) n is 1 or 2 and each is independently fluoro, chloro or bromo: and R' has any 
of the meanings defined hereinbefore or in this section relating to particular novel compounds 
of the invention; 

(b) (R^)„ is 3'-fluoro, 3'-chloro, 3 -bromo, 2',4'-difluoro, 2\4*-dichloro, 
3',4'-difluoro, 3*,4'Klichloro, 3'-fluoro-4'-chloro or 3*-chloro-4 -fluoro; 

and R* has any of the meanings defined hereinbefore or in this section relating to particular 
novel compounds of the invention; 

(c) r' is 2-aminoethylamino, 3-aminopropylamino. 2-methylaminoethylamino, 
3-methylaminopropyIamino, 2-dimed)ylaminoethylamino. 3-dimethylaminopropylamino, 
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2- (pyiroUdia-l-yI)ediylamino, 3-^yiToUdin-l-yI)propylaniino, 2-pip^dinoeAylammo» 

3- pipcridinopropylamino, 2-moipholinocdiylammo, 3-morpholmopropylainino, 
2-(pipcrazin-l-yl)ethylamino, 3-(pipeiazin-l*yl)pn)pylamino, 

2- (4Hnethylpiperazm-l-yl)ethylainino or 3<4HneAylpiperazin-l-yl)piopylammo; and n and 

have any of the meanings defined hereinbefore or in this section relating to particular novel 
compounds of the invention. 

A preferred compoimd of the invention is a quinazoline derivative of the 
formula I vfh&mn (R\ is 3'-chloro, 3 -bromo. 3',4'-difluoro or 3'-chlorcHi'-fluon); and 
R' is 2^ethylaminoethylamino» 3-methylaniinopropylamino, 2-dimethylaminoethylamino, 

3- dimethylaminoprDpylamino, 2-(pyrn)lidin-l-yl)ethylamino, 3-{pyrTolidin-l-yl)propylamino, 

2- piperidinoethylamino, 3-piperidinopropylanuno, 2-morpholinoethylamino or 

3- morpholinopropylamino; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

A further preferred compound of the invention is a quinazoline derivative of the 

formidal 

vdierein (R\ is 3\4*-difluoro or 3'-chloro-4'-fluoro; and 

R^ is 3-dimethylaminopropylamino, 3-(pyrrolidin-l-yl)propylamino, 3-piperidinopropylamino 
or 3-morpholinopropylamino; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

A quinazoline derivative of the invention, or a pharmaceutically-acceptable salt 
thereof, may be prepared by any process known to be qiplicable to the preparation of 
chemically-related compounds. Suitable processes include, for example, those illustrated in 
European Patent Applications Nos, 0520722, 0566226, 0602851, 0635498 and 0635507. 
Such processes, when used to prepare a quinazoline derivative of the invention, or a 
phaimaceutically-acceptable salt thereof, are provided as a further feature of the invmtion and 
are illustrated by the following representative Examples. Necessary starting materials may be 
obtained by standard procedures of organic chemistry. The preparation of such starting 
materials is described within the accompanying non-linuting Examples. Alternatively 
necessary starting materials are obtainable by analogous procedures to those illustrated which 
are within the ordinary skill of an organic chemist. 

(a) The reaction, conveniently in the presence of a suitable base, of a quinazoline of 

the formula II 
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Z 




II 



wherein Z ts a displaceable groi^, with an aniline of the formula III 




in 



A suitable displaceable group Z is, for example, a halogeno, alkoxy, aryloxy or 
sulphonyloxy group, for example a chloro. bromo, methoxy, phenoxy, methanesulphonyloxy 
ortoluene-4-sulphonyloxy group. 

A suitable base is, for example, an organic amine base such as, for example, 
pyridine, 2,6-lutidine, collidine, 4-dimethylaminopyridine, triethylamine, morpholine, 
H-inelbylmori^oIine or diazabicyclo[S.4.0]undec-7-ene, or, for example, an alkali or alkaline 
earih metal carbonate or hydroxide, for example sodiimi carbonate, potassium carbonate, 
calcium carbonate, sodium hydroxide or potassium hydroxide. Alternatively a suitable base 
is, for example, an alkali metal or alkaline earth metal amide, for example sodiiun amide or 
sodiimi bis(trimethylsilyl)amide. 

The reaction is preferably carried out in the presence of a suitable inert solvent or 
diluent, for example an aikanol or ester such as methanol, ethanol, isopropanol or ethyl 
acetate, a halograated solvent such as mediylene chloride, chloroform or carbon tetrachloride, 
an eAer such as tetrahydrofuran or 1,4-dioxan, an aromatic solvent such as toluene, or a 
dipolar aprotic solvent such as N^-dimethylformamide, tLH-<iiinethylacetamide, 
Il-melhylpyrrolidin-2-one or dimethylsulphoxide. The reaction is conveniently carried out at 
a temperature in the range, for example, 1 0 to 1 50**C, preferably in the range 20 to 80^C. 

The quinazoline derivative of the invention may be obtained from this process in 
die form of the free base or alternatively it may be obtained in the form of a salt with the acid 
of the formula H-Z wherein Z has the meaning defmed hereinbefore. When it is desired to 
obtain the free base from the salt, the salt may be treated with a suitable base as defined 
hereinbefore using a conventional procedure. 
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(b) For the production of Aosc compounds of ttie fonniila I wherein r' is an 

amino-substituted (2-4C)alkylamino group, the alkylation, conveniently in the i»csencc of a 
suitable base as defined hereinbefore, of a quinazoline derivative of the formula I wherein 
is an amino group. 

A suitable alkylating agent is, for example, any agent known in the art for the 
alkylation of amino to amino-substituted alkylamino, for example an amino-substituted alkyl 
halide, for example an amino-substituted (2-4C)alkyl chloride, bromide or iodide in the 
presence of a suitable base as defined hereinbefore. 

The reaction is preferably carried out in a suitable inert solvent or diluent as 
defined hereinbefore and at a temperature in the range, for example, 0 to 1 50*C, conveniently 
at or near 90**C. 

(c) For the production of tiiese compounds of the formula I wherein R' is an 
amino-substituted (2-4C)alkylamino group, the reaction, conveniently in the presence of a 
suitable base as defined hereinbefore, of a compound of the formula I wherein R' is a 
hydroxy-(2-4C)alkylamino grotq>, or a reactive daivative thereof, with an iqipropriate amine. 

A suitable reactive derivative of a compound of the formula I v^erein R' is a 
hydroxy-(2-4C)alkylamino group is, for example, a halogeno- or sulphonyloxy- 
(2-4C)alkylamino group such as a bromo- or methanesulphonyloxy-(2-4C)alkylamino group. 

The reaction is preferably carried out in a suitable inert solvent or diluent as 
defined hereinbefore and at a tempcramrc in the range, for example, 0 to 150°C, conveniently 
at or near 70*^0. 

(d) The reductive amination of an amino-substituted aldehyde with a compoimd of 
the formula I wherein R' is amino. 

The reduction may be carried out by any of the many procedures known for such 
a transformation. For example a hydride reducing agent may be used, for example an alkali 
metal borohydride or cyanoborohydride such as sodium borohydride or sodium 
cyanoborohydride, or an alkali metal aluminium hydride such as lithium aluminium hydride. 
The reduction may be carried out in the presence of a suitable inert solvent or diluent, for 
example a (l-4C)alcohol such as methanol or ethanol when an alkali metal borohydride or 
cyanoborohydride is employed, or an inert ether such as diethyl ether or t^rahydrofiiran when 
an alkali metal aluminium hydride is employed. 
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(c) 



The reduction of a con^und of the formula I wherein R is an amino-substituted 



alkanoamido group. 

The reduction may be carried out by any of the many procedures known for such 
a transfiDrmation. For example a hydride reducing agent may be used, for example an alkali 
metal aluminium hydride such as lithium aluminium hydride. The reaction may be carried out 
in die presence of a suitable inert solvent or diluent, for example in an inert ether such as 
diethyl ether or tetrahydrofuran. 

The reaction is conveniently carried out at a temperature in the range, for 
example, -10 to lOO^C conveniendy at or near 

Whenapharmaceutically-acceptablesaltofaquinazoline derivative of the 
invention is required, for example a mono- or di-acid-addition salt of a quinazoline derivative 
of the invention, it may be obtained, for example, by reaction of said compound with, for 
example, a suitable acid using a conventional procedure. 



quinazoline derivative 4-(3'-chloro-4'-fliu>roanilino)-6-[3-(pyrrolidin-l-yl)propylamino]- 
quinazoline; 

or a pharmaceutically-acceptable salt thereof. 



exist in solvated as well as unsolvated forms such as. for example, hydrated forms. It is to be 
understood that the invention encompasses all such solvated forms which possess 
anti-proliferative activity. 

This quinazoline derivative of the invention, or a pharmaceutically-acceptable 
salt thereof, may be prepared as follows. 

(a) The reaction, conveniendy in the presence of a suitable base as defined 

hereinbefore, of a quinazoline of the formula IV 



According to a fiirther aspect of the present inv«ition there is provided the 



It is also to be understood that this quinazoline derivative of the invention can 




Z 



IV 



wherein Z is a displaceable group as defined hereinbefore, with 3'-chloro^'-fluoroaniline. 
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The reaction is prefisrably carried out in the presence of a suitable mat solvent or 
diluent, for example an alkanol or ester such as methanol, ^hanoU isopropanol or elfayl 
acetate, a halogenated solvent such as methylene chloride, chloroform or carbon tetrachloride, 
an ether such as tetrahydrofuran or 1,4-dioxan, an aromatic solvent such as toluene, or a 
dipolar aprotic solvent such as M,M-diniethylfonnamide, liH-diniethylacetamide, 
N-methylpyrTolidin-2-one or dimethylsulphoxide. The reaction is conveniently carried out at 
a temperature in the range, for ejcample, 10 to 150''C, preferably in the range 20 to 80^C. 

(b) The alkylation, convraiientiy in the presence of a suitable base as defined 
hoeinbefore, of 4<3*-cWon)-4 -fluoroanilino)-6-arninoquinazoline with an alkylating agrai of 
the formula V 

ZCH2CH2CH2- 

V 

v^erein Z is a displaceable group as defined hereinbefore. 

The reaction is preferably carried out in a suitable inert solvent or diluent as 
defined hereinbefore and at a temperature in the range, for example, 0 to 1 50**C, convenientiy 
atornear90X. 

(c) The alkylation, convenientiy in the presence of a suitable base as defined 
hereinbefore, of pyrrolidine with an alkylating agent of the formula VI 




>^erein Z is a displaceable group as defined hereinbefore. 

The reaction is preferably carried out in a suitable inert solvent or diluent as 
defined hereinbefore and at a temperature in the range, for example, 0 to 150**C, convenientiy 
atornear70°C. 
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(d) The reductive amination of 3-(pyrn)lidm-l -yOpropionaldehyde with 

6-amiiic>-4K3'<Uon>-4'-fIuoioanilitto)^^ 

The reduction may be carried out by any of the many procedures known for such 
a transformation. For example a hydride reducing agent may be used, for example an alkali 
m^ borohydride or cyanoborohydride such as sodium borohydride or sodium 
cyanoborohydride, or an alkali metal aluminium hydride such as lithium aluminium hydride. 
The reduction may be carried out in the presence of a suitable inert solvent or diluent, for 
^cample a (1 -4C)alcohoI such as methanol or ethaiK>l wh«i an alkali metal borohydride or 
cyatK>borohydride is employed, or an inert ether such as diethyl ether or tetrahydrofuran when 
an alkali metal aluminium hydride is employed. The reaction is conveniently carried out at a 
temperature in the range, for example, -10 to 100*'C conveniently at or near ambient 
temperature. 

As stated hereinbefore the quinazoline derivatives defined in the presait 
invention possess anti-proliferative activity which is believed to arise from the Class I 
receptor tyrosine kinase inhibitory activity of the compoimds. These properties may be 
assessed, for example, using one or more of the procedures set out below:- 
(a) An in vitro assay which determines the ability of a test compound to inhibit the 

enzyme EOF receptor tyrosine kinase. Receptor tyrosine kinase was obtained in partially 
purified form from A-431 cells (derived from human vulval carcinoma) by the procedures 
described below which are related to those described by Carpenter el aL» J. Biol, Chgm„ 1979, 
2S4. 4R&4- Cohen et al.. J Biol. Chem. . 1982,252, 1 523 and by Braun fit aL, J, Biol, Chcm„ 
1984,252,2051. 

A-43 1 cells were grown to confluence using Dulbecco's modified Eagle's medium 
(DMEM) containing 5% f<^ calf scrum (FCS). The obtained cells were homogenised in a 
hypotonic borate/EDTA buffer at pH 10. 1 . The homogenate was centrifiiged at 400 g for 1 0 
minutes at 0-4**C. The supernatant was centrifi^ed at 25,000 g for 30 minutes at 0-4X. The 
pelleted material was suspended in 30 mM Hepes buffer at pH 7.4 containing 5% glycerol, 
4 mM bcnzamidine and 1% Triton X-100, stirred for I hour at 0-4**C, and recentriftiged at 
100,000 g for 1 hour at 0-4°C. The supernatant, containing solubilised receptor tyrosine 
kinase, was stored in liquid nitrogen. 

For test purposes 40 ^ll of the enzyme solution so obtained was added to a 
mixture of 400 \il of a mixture of 150 mM Hepes buffer at pH 7.4. 500 ^M sodium 
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orthovanadate, 0.1% Triton X-100, 10% glycerol, 200 ^l water, 80 of 25 mM DTT and 
80^1 of a mixture of 12,5 mM mai^anese chloride, 125 mM magnesium chloride and distilled 
water. There was thus obtained the test enzyme solution. 

Each test compound was dissolved in dimethylsulphoxide (DMSO) to give a 
50 mM solution which was diluted with 40 mM Hepes buffer containing 0.1% Triton X-100, 
10% glycerol and 10% DMSO to give a 500 \iM solution. Equal volumes of this solution and 
a solution of epidermal growth factor (EGF; 20 pg/ml) were mixed. 

[yJ2p]ATP (3000 Ci/mM, 250 ^iCi) was diluted to a volume of 2 ml by the 
addition of a solution of ATP (100 jiM) in distilled water. An equal volume of a 4 mg/ml 
solution of the peptide Arg-Arg-Leu-Ile-Glu-Asp-Ala-Glu-Tyr-Ala-Ala-Arg-Gly in a mixture 
of 40 mM Hepes buffer at pH 7.4. 0.1% Triton X-100 and 10% glycerol was added. 

The test compound/EGF mixture solution (5 \xl) was added to the test enzx^me 
solution {\0\i\) and the mixture was incubated at 0-4^C for 30 minutes. The ATP/peptide 
mixture (10 ^il) was added and the mixture was incubated at 25'*C for 10 minutes. The 
phosphorylation reaction was terminated by the addition of 5% trichloroacetic acid (40 ^l) 
and bovine serum albumin (BSA; 1 mg/ml, 5 jil). The mixture was allowed to stand at 4**C 
for 30 minutes and thai centrifuged. An aliquot (40 jil) of the supernatant was placed onto a 
strip of Whatman p 81 phosphocellulose paper. The strip was washed in 75 mM phosphoric 
acid (4x10 ml) and blotted dry. Radioactivity present in the filter paper was measured using 
a liquid scintillation counter (Sequence A). The reaction sequence was repealed in the 
absence of the EGF (Sequence B) and J^ain in the absence of the test compound (Sequence 
C). 

Receptor tyrosine kinase inhibition was calculated as follows:- 

100- (A-B) 

% Inhibition = x 100 

C-B 

The extent of inhibition was then determined at a range of concentrations of test 
compound to give an IC50 value. 

(b) An in vitro assay which determines the ability of a test compound to inhibit the 

EGF-stimulated growth of the human naso-pharyngeal cancer cell line KB. 



KBcells were seeded into wells at a drasity of 1 x 10^- IJx 10^ cells per well 
and grown for 24 hours in DMEM sq}planented with S% FCS (charcoal-stripped). Cell 
growA was determined aSbsr incubation for 3 days by the extrat of metabolism of MTT 
tetrazolium dye to furnish a bluish colour. Cell growth was then detemiined in the presence 
of EGF (10 ng/ml) or in the presmce of EGF (10 ng/ml) and a test con^x>und at a range of 
concentrations. An ICsq value could then be calculated. 

(c) An in-vivo assay in a groiq[> of athymic nude mice (strain ONU:Alpk) which 

determines the ability of a test compound (usually administered orally as a ball-milled 
suspension in O.S% polysorbate) to inhibit the growth of xenografts of the human vulval 
epidermoid carcinoma cell line A-43 1 . 

A-43 1 cells were maintained in culture in DMEM supplemented with S% FCS 
and 2mM glutamine. Freshly cultured cells were harvested by tr\psinization and injected 
subcutaneously (10 million cells/Ol 1 ml/mouse) into both flanks of a number of donor nude 
mice. When sufBcient tumour material was available (after approximately 9 to 14 days), 
fragments of tumour tissue were transplanted in the flanks of recipient nude mice (test day 0). 
Generally, on the seventh day after transplantation (test day 7) groups of 7 to 1 0 mice with 
similar-^zed tumours were selected and dosing of the test compound was commenced. Once 
daily dosing of test compound was continued for a total of 13 days (test days 7 to 19 
inclusive). In some studies the dosing of the test compound u-as continued beyond test day 
19, for example to test day 26. In each case^ on the following test day the animals were killed 
and the final tumour volume was calculated from measurements of the length and width of the 
tumours. Results were calculated as a percentage inhibition of tumour volume relative to 
untreated controls. 

Although the pharmacological properties of the compounds of the formula I vary 
with structural change as expected, in general activity possessed by compounds of the formula 
I may be demonstrated at the following concentrations or doses in one or more of the above 
tests (a), (b) and (c)> 

Test (a):- IC50 in the range, for example, O.Ol-I ^M; 
Test (b):- IC50 in the range, for example 0.05-1 |aM; 
Test (c)> 20 to 90% inhibition of tumour volume from a 

daily dose in the range* for example, 12.5 to 200 mg/kg. 
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The compound of Exaixq)le 1 of &e invention possesses activity at approximately 
the following concentrations or doses in tests (a), (b) and (c):- 
Test(a)> ICso 0.076 jiM; 
Test(b)> IC5o0.06^M; 

Test (c):- greater than S0% inhibition of tumour volume from a daily dose of 
50mg/kg. 

According to a further aspect of the invention there is provided a pharmaceutical 
composition ^^ch comprises a quinazoline derivative of the fomiula I, or a 
pharaiaceutically-acceptable salt thereof, in association with a pharmaceutically-acceptable 
diluent or carrier. 

The composition may be in a form suitable for oral administration for example as 
a tablet or capsule, for parenteral injection (including intraveous, subcutaneous, intramuscular, 
intravascular or infusion) as a sterile solution, suspension or emulsion, for topical 
administration as an ointment or cream or for rectal administration as a suppository. 

In general the above compositions may be prepared in a conventional maimer 
using conventional excipients. 

The quinazoline derivative will normally be administered to a warm-blooded 
animal at a unit dose within the range 5-10000 mg per square meter body area of the animal, 
i.e. approximately 0.1-200 mg/kg, and this normally provides a therapeutically-effective dose. 
A unit dose form such as a tablet or capsule will usually contain, for example I -250 mg of 
active ingredient. Preferably a daily dose in the range of 1 - 1 00 mg/kg is employed. However 
the daily dose will necessarily be varied depending iq)on the host treated, the particular route 
of administration, and the severity of the illness being treated. Accordingly the optimum 
dosage may be determined by the practitioner who is treating any particular patient 

According to a further aspect of the present invention there is provided a 
quinazoline derivative of the formula I, or a pharmaceutically-acceptable salt thereof, for use 
in a method of treatment of the human or animal body by therapy. 

We have now found that the compounds of the present invention possess 
anti-proliferative properties such as anti-cancer properties which are believed to arise from 
their Class I receptor tyrosine kinase inhibitory activity. Accordingly the compounds of the 
present invention are expected to be useful in the treatment of diseases or medical conditions 
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mediated alone or in part by Class I lecqjtor tyrosine kinases, i.e. the compounds may be used 
to produce a Class I leceptor tyrosine kinase inhibitory efifea in a wai^ 
need of such treatmrat Thus the compounds of the present invention provide a method for 
treating the proliferation of malignant cells characterised by inhibition of Class 1 receptor 
tyrosine kinases, Le. the compounds may be used to produce an anti-proliferative effect 
mediated alone or in part by the inhibition of Class I receptor tyrosine kinase. Accordingly 
die compounds of the present invention are expected to be useful in the treatment of psoriasis 
and/or cancer by {Hoviding an anti-proliferative effect, particularly in the treatment of Class I 
receptor tyrosine kinase sensitive cancers such as cancers of the breast, lung, colon, rectum, 
stomach, prostate, bladder, pancreas and ovary. 

Thus according to this aspect of the invention there is provided the use of a 
quinazoline derivative of the formula L or a pharmaceutically-acceptable salt thereof, in the 
manti&cture of a medicament for use in the production of an anti-proliferative effect in a 
warm-blooded animal such as man. 

According to a further feature of this aspect of the invention there is provided a 
method for producing an anti-proliferative effect in a waim-blooded animal, such as man, in 
need of such treatment whidi comprises administering to said animal an effective amoimt of a 
quinazoline derivative as defined inmiediately above. 

As stated above the size of the dose required for the ther^utic or prophylactic 
treatment of a particular proliferative disease will necessarily be varied depending on the host 
treated, the route of administration and the severity of the illness being treated. A unit dose in 
the range, for example, 1 -200 mg/kg, preferably 1-100 mg/kg is envisaged. 

The anti-proliferative treatmoit defined hereinbefore may be applied as a sole 
thers^ or may involve, in addition to the quinazoline derivative of the invention, one or more 
otter anti-tumour substances, for example those selected from, for example, mitotic 
inhibitors, for example vinblastine, vindesine and vinorelbine; tubulin disassembly inhibitors 
such as taxol; alkylating agents, for example cis-platin, carboplatin and cyclophosphamide; 
antimetabolites, for example 5-fluorouracil, tegafur, methotrexate, cytosine arabinoside and 
hydroxyurea, or, for example, one of the preferred antimetabolites disclosed in European 
Patent AppUcation No. 239362 such as N-{5-[fcI-(3,4-dihydro-2-methyl- 
4-oxoquiiiazolin-6-ylmethyl>-N-methylamino]-2-thenoyl}-L-glutarnic acid; intercalating 
antibiotics, for example adriamycin, mitomycin and bleomycin; enzymes, for example 
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aq[>aiaginase; topoisomerase inhibitors, for example etoposide and camptothecin; biological 
response modifiers, for example interferon; and anti^ormones, for example antioestrogens 
such as tamoxifen or, for example antiandrogens such as 
4'-K:yano-3K4-fluorophenylsulphonyl)-2-hydn)xy-2-methyl04t^ 
propionanilide. Such conjoint treatment may be achieved by way of the simultaneous, 
sequential or separate dosing of the individual components of the treatment. According to this 
aspect of the invention there is provided a pharmaceutical product comprising a quinazoline 
derivative of the formula I as defined hereinbefore and an additional anti-tumour substance as 
defined hereinbefore for the conjoim treatm»t of cancer. 

As stated above the quinazoline derivative defined in the present invention is an 
effective anti-cancer agent, which property is believed to arise from its Class 1 receptor 
tyrosine kinase inhibitory properties. Such a quinazoline derivative of the invention is 
expected to possess a wide range of anti-cancer properties as Class I receptor tyrosine kinases 
have been implicated in many common human cancers such as leukaemia and breast, lung, 
colon, rectal, stomach, prostate, bladdo-, pancreas and ovarian cancer. Thus it is expected that 
a quinazoline derivative of the invention will possess anti-cancer activity against these 
cancers. It is in addition expected that a quinazoline derivative of the present invention will 
possess activity against a range of leukaemias, lymphoid malignancies and solid tumours such 
as carcinomas and sarcomas in tissues such as the liver, kidney, prostate and pancreas. 

It is further expected that a quinazoline derivative of the invention will possess 
activity against other diseases involving excessive cellular proliferation such as psoriasis, 
benign prostatic hypertrophy (BPH) and atherosclerosis. 

It is also to be expected that a quinazoline derivative of the invention will be 
useful in the treatment of additional disorders of cellular growth in vAdch aberrant cell 
signalling by way of receptor tyrosine kinase enzymes* including as yet unidentified receptor 
tyrosine kinase enzymes, are involved. Such disorders include for example, inflammation, 
angiogenesis, vascular restenosis, immimological disorders, pancreatitis, kidney disease and 
blastocyte maturation and implantation. 

The invention will now be illustrated in the following non-limiting Examples in 
>^ch, imless otherwise stated:- 

(i) evaporations were carried out by rotary evaporation in vacuo and work-up 
procedures were carried out after removal of residual solids such as dn ing agents by 



wo 96/33978 



-18- 



PCT/GB96;00959 



filtration, unless otherwise stated magnesium suljdiate was used as a diying agent for organic 
solutions; 

(ti) operations were carried oxit at ambient temperature, that is in the rai^e 
1 8-2S^C and under an atmosphere of an inert gas such as argon; 

(iii) colunm chromatography (by the flash procedure) and mediimi pressure 
liquid chromatography (MPLC) were performed on Merck Kieselgel silica (Art 9385) or 
Mock Lidiroprep RP-18 (Art 9303) reversed-phase silica obtained from E. Merck, 
Damstadt, Germany; 

(iv) yields are given for illustration only and arc not necessarily the maximum 

attainable; 

(v) melting points were determined using a Mettler SP62 automatic melting 
point apparatus, an oil-bath apparatus or a Kofiler hot plate apparatus. 

(vi) the ^ructure of the compoimd of the invration was confirmed by nuclear 
(generally proton) magnetic resonance (NMR) and mass spectral techniques; proton magnetic 
resonance chanical diift values were measured on the delta scale and peak multiplicities are 
shown as follows: s, singlet; d, doubly t, triplet; m, multiplet unless otherwise stated 
eiKl-]Hoducts of the invention were dissolved in CD3SOCD3 for the determination of NMR 
values; 

(vii) intermediates were not generally folly characterised and purity was assessed 
by thin layer chromatography (TLC), infra-red (IR) or NMR analysis: 

(viii) the following abbreviations have been used:- 



DMF NsN-dimethylformamide; 

THF tetrahydrofiiran; 

DMA H,H-dimethylacetamide. 
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Fiiampte 1 

A mixture of 3-(pynoUdin-l-yl)piopioiialdehyde dimediyl acetal (2.4 g) and 
water (12 ml) was acidified to pHl by the addition of concentrated hydrochloric acid and the 
mixture was stirred and heated to 40''C for 90 minutes. The mixture was then reduced in 
acidity to pH6 by the addition of IM aqueous sodium bicarbonate solution. The resultant 
nuxture was added to a mfacture of 6-amino-4-(3*-chlon>^ -fluoroanilino)quinazoline (1 .64 g) 
and sodium cyanoborohydride (0.41 g). The mixture was acidified to pH4 by the addition of 
glacial acedc acid and stirred at ambient temperature for 16 hours. The mixture was 
eva^xnated and tiie residue was partitioned brtween methylene chloride a^^ The 
organic phase was washed with water, dried (MgS04) and evaporated. The residue was 
purified by column chromatography using increasingly polar mixtures of methylene chloride 
and methanol [each mixture also containing 0. 1% of a concentrated (30% weight/volume) 
aqueous ammonium hychoxide solution]. The material so obtained was triturated under 
diethyl ether. There was thus obtained 4.(3*<hloro-4'-fluoroanilino)^[3KpynoM 
yl)propylamino]quinazolinc(l.l g, 48%),nLp. 155-157*^C; 

NMR Spectrum: (CD3SOCD3 + CD3CO2D) 1.94-2.22 (m, 6H)» 3.22-3.43 (m, 8H), 7,27 (d, 
IHX 7J2 (m, IH), 7J8 (t, IH), 7.62 (d, IH), 7.87 (m, IH), 8.18 (m, IH). 8.42 (s, IH); 
Banental Analysis: Found C, 60.7; H, 5.8; R 16.7; 
C21H23CIFN5 IH2O requires C, 60.4; H, 6.0; N, 16.8%. 

The 6-amino-4-(3'-chloro-4 -fluoroanilino)quinazoline used as a starting material 

was obtained as foUows:- 

3'-Chloro-4 -fluoroaniline (3.6 g) was added to a stirred mixture of 
4-chloro-6-nitroquinazoline (European Patent Application No. 0566226, Example 8 thereof; 
5 g); THF (10 ml) and DMF (10 ml). The resultant mixture was stirred at ambient 
temperature for 5 hours. The precipitate was isolated and partitioned between water and a 9: 1 
nuxture of methylene chloride and methanol. The aqueous phase was neutralised by the 
addition of a saturated aqueous sodium bicarbonate solution and re-extracted with methylene 
chloride. The organic phases were combined and evaporated. The residue was triturated 
under a 9:1 mixture of ethanol and water. The resultant solid was isolated and dried. There 
was thus obtained 4-(3'-chloro-4'-fluoroaniIino)-6-nitroquinazoline (2.5 g). 
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A mbctiiie of a portion (23 g) of the material so obtained, 10% 
palladium-on-carbon catalyst (0.4 g), ethanol (25 ml) and DMF (25 ml) was stirred under an 
atmosphere of hydrogen for 2 hours. The mixture was filtered and the filtrate evirated. 
Tte residue was triturated under a 4:1 mixture of ethanol and water. The resultant solid was 
isolated and dried. There was thus obtained 6-amino-4-(3'-chloro-4'-fluoroanilino)quiiiazoline 
(0.35 g. 17%); 

NMR Spectrum: 5.6 (broad s, 2H), 7.27 (m, IH). 7.32 (s, IH), 7.41 (t, IH), 7.55 (d, IH), 7.8 
(nu IH), 8.19 (m. IH), 8.38 (s, IH), 9,53 (broad s, IH); 
Elemental Analysis: Found C, 58.1; H, 3.6; N, 19.0; 
C,4HioClFN4 requires C, 582; H, 3.5; N, 19.4%, 

The 3-(pyrrolidin-l-yl)propionaldehyde dimethyl acetal used as a starting 
material was obtained as foUows:- 

Pyrrolidine (7.8 g) was added to a stirred mixture of 3-bromopropionaldehyde 
dimethyl acetal (10 g), potassium carboruite (22.6 g) and toluene (150 ml). The mixture was 
stirred at ambient tenq)erature for 16 hours. The mixture was filtered and the filtrate was 
evaporated. There was flius obtained 3-(pynolidin-l-yl)propionaldehyde dimethyl acetal 
(8.9 g) ^ch was used without fiirther purification; 
NMR Spectrum: 1.65 (m, 6H), 2.40 (m, 6H), 3.2 (s, 6H), 4.4 (t, IH). 

Exampk 2 

Using an analogous procedure to that described in Example 1 , 6-amino-4-(3'- 
chloro-4*-fluoroanilino)quinazoline was reacted with 3-morphoIinopropionaidehyde dimethyl 
acetal to give 4-(3*H:hloro^*-fluoroariilino)-6-(3-morpholiiiopropylaixiino)quiii^ in 84% 
yield; 

NMR Spectrum: 1.63 (m, 2H), 2.48 (m, 6H), 3.63 (t, 4H), 6.23 (t, IH). 7,27 (d, IHX 7J2 
(nu IH), 7.43 (t, IH), 7.62 (d, IH), 7.84 (m, IH), 8.15 (m, IH), 8.37 (s. IH), 9.42 (broad s, 
IH); 

Elemental Analysis: C, 59.4; H, 5.9; N, 16.0; 
C.iHijClFNjO O.55H2O requires C, 59.2; H, 5.7; N, 16.4%. 
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The 3-imirpholmopropionaldehyde dimethyl acetel used as a starting matmal 
was obtained by the reaction of morpholine and 3-bromopropionaldehyde dimethyl acctal 
using an analgous procedure to that described in the last portion of Example 1. 



Eiampig3 

A IM solution of lithium aluminium hydride (35 ml) was added to a solution of 
4-(3\4'-difluoroanilino)-6-(2-methylaniinoacetanudo)quin (3.3 g) in THF (200 ml) and 
the resultant mixture was stirred and heated to reflux for 2 hours. The mixture was cooled to 
ambiat temperature and glacial acetic acid was added to destroy the excess of reducing agent 
The mixture was evirated and the residue was partitioned between methylene chloride and 
a dilute aqueous ammonium hydroxide solution. The organic phase was dried and evaporated 
and the residue was purified by column chromatography using increasingly polar mixtures of 
methylene chloride, methanol and a dilute (2%) aqueous ammonium hydroxide solution. The 
material so obtained was triturated under diethyl ether. There was thus obtained 4-(3',4*- 
difluoroanilino)-6K2-methylaniiiM)cthylamino)quinazolm^ g),m.p. 146-148**C; 
NMR Spectrum: 2.5 (s, 3H). 2.85 (t, 2H). 3 J (t, 2H), 6.15 (t. IH). 7.2 (d, 1H)» 7.3 (m, IH), 
7.4 (m, IHX 7.55 (d, IH), 7.65 (m, IH), 8.05-8.2 (m, 2H), 8.4 (s, IH), 9.45 (broad d, IH); 
Elemental Analysis: Found C, 59.6; H, 5.3; N, 20.4; 
CnHnFjNs O.75H2O requires C, 59.6; H. 5.4; N, 20.4%. 

The 4K3\4'-difluoroanilino)-6-(2-melhylaminoacetamido)quinazoline used as a 

starting material was obtained as follows:- 

3\4 -Difluoroaniline (27 g) was added to a stirred mixture of 
4-chloro-6-nitroqumazoline (44 g), triethylamine (29.2 ml) and methylene chloride (400 ml) 
and.the mixture was stirred at ambient temperature for 16 hours. The precipitate was isolated, 
washed with methylene chloride and acetone and dried. There was thus obtained 
4-(3',4*-difluoroanilino)-6-nitroquinazoline hydrochloride (61.3 g, 82%). 

A mixture of a portion (30 g) of the material so obtained, 10% 
palladium-on-carbon catalyst (3 g), cthanol (350 ml) and DMA (700 ml) was stirred under an 
atmosphere of hydrogen for 9 hours. The mixture was filtered and the filtrate was evaporated. 
The residual solid was washed in turn with DMA, with ethanol and with diethyl ether and 
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dried. There was thus obtained 6-amiiio-4-(3\4'-difl\ioroanilino)quinaTO hydrochloride 
(12.8 g, 40%), m.p. 235-238^C; 

NMR Spectrum: 7.45 (m, IH), 7.56 (m, 3H), 7.77 (d, IH), 7.91 (m, IH), 8.72 (s, IH), 1 1.1 
(broads, IH); 

Elemental Analysis: Found C, 54.5; H, 3.5; N, 18.1; 
Ci4H,oF2N4 HCl requires C, 54.5; H, 3.6; N, 18.1%. 

A concentrated aqueous solution of ammonium hydroxide (50 ml) was added to a 
stirred suspension of 6-arriino-4-(3',4'-difluon>ariilino)quiriazoliiie hydrochloride (5 g) in water 
(60 ml) and the mixture was stirred at ambient t em per a ture for 40 minutes. The mixture was 
filtered and the solid so obtained was washed with water and dried. The material so obtained 
was dissolved in DMA (90 ml), 2-chloroacetyl chloride (1 .29 ml) was added and the mixture 
was stirred at ambient temperature for 16 hours. The mixture was evaporated and the residue 
was dried. There was thus obtained 6-(2-diloroacetamido)-4-(3',4'-difluoroanilino)- 
quinazoline hydrochloride (5.72 g, 91%). m.p. >250*C; 

NMR Spectrum: 4.43 (s. 2H), 7.54 (m, 2H), 7.97 (m, IH), 7.99 (d, IH), 8.08 (m, IH), 8.89 (s. 
IH), 9.02 (d, IH). 1 1.2 (broad s, IH), 1 1.6 (broad s, IH); 
Elemental Analysis: Found C, 49.4; H, 3.1 ; N, 14.3; 
C,6H„C1F2N40 HCl requires C, 49.9; H 3.1; N, 14.5%. 

Methylamine (33% solution in ethanol; 50 ml) was added to a stirred mixture of 
6-(2-chloroacetamido)-4-(3\4**difIuoroamlino)quinazoline hydrochloride (3.3 g) and DMA 
(200 ml) and the resultant mixture was stirred at ambient temperature for 2.5 hours. The 
mixture was evaporated and the residue was triturated under an aqueous ammonium 
hydroxide solution. The resultant precipitate was isolated, washed with water aiul with 
diediyl ether and dried. There was thus obtained 4-(3',4*-difluoroanilino)-6-(2- 
methy laminoacetamido)quinazoline (3 .5 g); 

NMR Spectrum: 2.4 (s, 3H), 3.35 (s, 2H), 7.4 (m, IH), 7.6 (m, IH), 7.8 (d, IH), 8.0-8. 1 5 
(m, 2H), 8.55 (s, IH), 8.6 (d, IH), 9.75 (broad s, IH); 
Elemental Analysis: Found C. 56.2; H, 4.6; N, 19.1; 
CnHijFiNjO H2O requires C, 56.5; H, 4.7; N, 19.4%. 
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riiainnk4 

Using an analogous procedure to that described in Example 1, 4-(3',4'- 
difluoioanilino)-6-(2-moipholinoacetamido)quinazoline was reduced with lithium aluminium 
hydride to give 4-{3\4*-^uoroaniliiK))-6K2-morpholinoethylainino)quinazoline in 58% 
yidd; 

NMR Spectrum: 2.48 (t, 4H), 2.64 (t, 2H), 3.32 (m, 2H), 3,62 (t, 4H), 6.02 (t, IH). 7.2 (d 
IH), 7.32 (m, IH), 7.42 (m, IH), 7.53 (d, IH), 7.6 (m, IH), 8.08 (m, IH), 8.38 (s, IH). 9.4 
(broads, IH); 

Elemental Analysis: Found C, 62.6; H, 5.7; N, 17.7; 
C20H21F2N5O O.O2CH3CO2H requires C, 62.2; H, 5.5; N, 18.1%. 

The 4-(3\4'-difliu)roariilino)-6-(2-morpholinoacetamido)qiiinazoline used as a 
starting material was obtained as follows:- 

Morpholine (20 g) was added to a stirred solution of 
6-(2-chloroacetamido)-4-(3\4*-difliioroanilim>)qiiinazoline hydrochloride (1.87 g) in DMA 
(50 ml) and the mixture was stirred at ambient temperature for 40 hours. The mixture was 
evaporated and the residue was purified by column chromatography using increasingly polar 
mixtures of methylene chloride and methanol as eluent There was thus obtained 
4-(3\4'-difliu>roanilino)-6-(2-morpholinoaceiamido)qiiinazoline (1.78 g, 92%), 
m.p. 177-178<*C; 

NMR Spectrum: 2.55 (m, 4H), 3.21 (s, IH), 3.68 (t, 4H), 7.42 (m, IH), 7.63 (m, IH), 7.79 (d, 
IHX 8.03 (m, IH), 8.07 (m, IH), 8.55 (s, IH). 8.62 (d, IH), 9.83 (broad s, IH), 9.98 (broad s, 
IH); 

Elemental Analysis: Found C, 59.7; H, 4.8; N, 17.0; 
C2oH,9F2N502 0.2H20 requires C, 59.6; H, 4.85; N, 17.4%. 

Example S 

The following illustrate representative pharmaceutical dosage forms containing 
the compound of formula I, or a pharmaceutically-acceptable salt thereof (hereafter compound 
X), for therapeutic or prophylactic use in humans: 
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(a) labka mgMM 

Compound X 100 

Lactose Ph.Eur 182.75 

Croscannellose sodium 1 2.0 

Maize starch paste (5% w/v paste) 2.25 

Magnesium steaiate 3.0 



(b) lahidJI XDsMM 

Compound X 50 

Lactose Ph.Eur 223.75 

Croscamiellose sodium 6.0 

Maize starch 15.0 

Polyvinylpyrrolidone 2.25 

Magnesium stearate 3.0 



(c) lahkLm mgMM 

Compound X 1.0 

Lactose Ph.Eur 93.25 

Croscarmellose sodium 4.0 

Maize starch paste (5% w/v paste) 0.75 

Magnesium stearate 1 .0 



(d) CapSUk mg/capsule 

Compound X 10 

Lactose Ph. Eur 488.5 

Magnesium stearate 1 -5 
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(e) Iiu^itiQDi ( SQmg/m l ) 

Compound X 5.0% w/v 

1 M Sodium hydroxide solution 1 5.0% w/v 

O.IM Hydrochloric acid 

(to adjust pH to 7.6) 

Polyethylwie glycol 400 4.5% w/v 

Water for injection to 100% 

(f) ir ^jection u (lOme/mll 

Compound X 1.0% w/v 

Sodium phosphate BP 3.6% w/v 

O.IM Sodium hydroxide solution 15.0% v/v 

Water for injection to 100% 

(g) iT ^jection III rimg/mLbuffered to oH6^ 

Compound X 0.1% w/v 

Sodium phosphate BP 2.26% w/v 

Citric acid 0.38% w/v 

Polyethylene glycol 400 3.5% w/v 

Water for injection to 100% 



Note 

The above formulations may be obtained by conventional procedures well 
known in the pharmaceutical art The tablets (aHc) may be enteric coated by conventional 
means, for example to provide a coating of cellulose acetate phthaiate. 
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CLAIMS 



1. 



A quinazoline derivative of the formula I 




R1 



n 



I 



A^erein n is 1, 2 or 3 and each R is independently halogeno; 
and is amino-(2-4C)allcylamino, (l-4C)aIkylamino-(2-4C)alkylamino, 
di-[(l-4C)alkyl]amino-(2-4C)alkylamino, pyrrolidin-l -yl-(2-4C)alIcylamino, 
piperidino-(2-4C)alkylanuno, morpholino-(2-4C)aIlcylamino, 
pipera2in"l-yl-(2-4C)alkylamino or 4-(l-4C)alkylpiperazin-l-yl-(2-4C)alkylamino; 
or a phannaceudcaliy-accq}table salt thereof. 

2. A quinazoline derivative of the formula I as claimed in claim 1 vt^ierein (R\ is 
3'-dilon), 3*-bronK), 3\4'-difluoro or 3'-chlon)-4 -fluoro; and 

R' is 2-methylaminoethylamino, 3-methylaminopropylamino, 2-dimethylaminoethylamino, 
3-dimethylaminopropylamino, 2-(pyrrolidin-l-yl)ethylamino, 3-(pyrrolidin-l-yl)propylamino, 

2- piperidinoethylamino^ 3-piperidinopropylamino« 2-moTpholinoethylamino or 

3- morpholinopropylamino; 

or a pharmaceutically-acceptable acid-addition salt thereof 

3. A quinazoline derivative of the formula I as claimed in claim 1 
\^eretn (R\ is 3\4'-difluoro or 3'-dilon)-4 -fluoro; and 

R' is 3-dimethylaminopropylamino, 3-(pyrrolidin-l-yl)propylamino, 3-piperidinopropylamino 
or 3-morpholinopropylamino; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

4. The quinazoline derivative of the formula I as claimed in claim 1 beii^:- 

4- (3'-chlon>-4'-fluoroanilino)-6-[3-(pyrTolidin- 1 -y l)propy lamino]quinazoline; 
or a pharmaceutically-acceptable salt thereof 
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5. A process for the prq>aiation of a qmnazoline derivative of the formula I» or a 

phaimaceutically-acceptable salt thereof, as claimed in any one of claims 1 to 4 yMch 
comprises:- 

(a) the reaction of a quinazoline of the formula n 




II 



wherein Z is a displaceable group, with an aniline of the formula III 




(b) for the production ofthosecon^wundsofthe formula I i^ereinR' isan 
amino-substituted (2-4C)alkylamino group, the alkylation of a quinazoline derivative of die 
formula I wherein R' is an amino group; 

(c) for the production of these ccnnpounds of the formula I ^ndierein is an 
amino-substituted (2-4C)alkylamino group, the reaction of a compourKl of the formula I 
\^ierein R* is a hydroxy-(2-4C)alkylamino group, or a reactive derivative thereof, with an 
appropriate amine; 

(d) the reductive anunation of an amino-substituted aldehyde witii a compound of 
the formula I wherein R^ is anuno; or 

(e) the reduction of a compound of the formula I wherein r' is an amino-substituted 
alkanoamido group; 

and when a pharmaceutically-acceptable salt of a quinazoline derivative of the invention is 
required it may be obtained by reaction of said compound with a suitable acid using a 
conventional procedure. 
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6. A phannaceudcal composition which comprises a quinazoline derivative of the 
fonnula I» or a pharmaceutically-acceptable salt thmof, as claimed in any one of claims 1 to 4 
in association with a pharmaceutically-acceptable diluent or carrier. 

7. The use of a quinazoline derivative of the formula I, or a 
pharmaceutically-acceptable salt thereof^ as claimed in any one of claims 1 to 4 in the 
manufacture of a medicament for use in the production of an anti-proliferati ve efifect in a 
warm-blooded animal. 

8. A method for producing an anti-proliferative effect in a warm-blooded animal in 
need of such treatment which conqmses administering to said animal an effective amoimt of a 
quinazoline derivative of the formula I, or a pharmaceutically-acceptable salt thereof, as 
claimed in any one of claims 1 to 4. 

9. A pharmaceutical product comprising a quinazoline derivative of the formula 1, 
or a pharmaceutically-acceptable salt thereof, as claimed in any one of claims 1 to 4 and an 
additional anti-tumour substance for the conjoint treatment of cancer. 



